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PersiostinThe transforming growth factor β induced gene (TGFBIG) encodes a protein (TGFBI) which plays important roles in
many biological processes. However, no TGFBIG homolog has been reported in B. belcheri. Here, we identiﬁed a
TGFBI-like gene from B. belcheri and extensively studied the evolutionary history of TGFBI family. We found that
the amphioxus genome contains a TGFBIG homolog designated as AmphiTGFBI which encodes a protein with 5
Fas1 domains. The TGFBIGs were present in a common ancestor with Amphimedon queenslandica. We also
demonstrated expression patterns of AmphiTGFBI in ﬁve amphioxus tissues. Interestingly, the gene structures and
conservedmotifs of invertebrate TGFBIGswere found to present regular changes in the evolution. Positive selection
and Fas1 domain loss might cause the regular changes of gene structures and conserved motifs in invertebrate
TGFBIGs during evolution. Together, our ﬁndings provided an insight into the evolution of the TGFBI family.
© 2013 Elsevier Inc. All rights reserved.1. Introduction
The transforming growth factor β induced gene (TGFBIG) encoding an
extracellularmatrix (ECM)protein (TGFBI),was identiﬁedmore than two
decades ago from a TGFβ1 treated lung adenocarcinoma cell line[1]. The
TGFBI contains a secretary signal sequence, an N-terminal cysteine-rich
(EMI) domain, four homologous internal domains, and a cell attachment
(Arg-Gly-Asp, RGD) site recognizing integrins [2]. The TGFBI plays an
important role in cell adhesion, migration, proliferation, apoptosis, and
angiogenesis, and mutations of the TGFBIG have been shown to be
involved in several corneal dystrophies [3–5]. Recent studies showed
that the TGFBI can serve as a tumor suppressor in several cancers, such
as mesothelioma, breast cancer, and radiation carcinogenesis [6–8]. The
expression levels of TGFBI in tumor cells were signiﬁcantly lower than
that in normal cells [6,7]. And TGFBI can sensitize ovarian cancer cells to
paclitaxel by inducing microtubule stabilization and that the loss of
TGFBI induces drug resistance and mitotic spindle abnormalities in
ovarian cancer cells [9]. TGFBI can also participate in mesoderm
differentiation and tissue branching morphogenesis [10,11]. TGFBI-
knockdown disrupts zebraﬁsh somitogenesis and homozygous null
mutations in mice may retard postnatal development and has been
reported to predispose the animals to spontaneous and induced cancersGenomics and Bioinformatics,
g 210046, PR China.
ghts reserved.[12,13]. In addition, TGFBI was required for embryogenesis through
regulation of canonical Wnt signaling and suppression of mesothelioma
progression through the Akt/mTOR pathway [8,14].
TGFBI family contains two genes: TGFBI gene and POSTN (periostin,
OSF-2) gene. Interestingly, the TGFBI paralog POSTNwhich is a secreted
extracellular matrix glycoprotein has a similar domain structure to
TGFBI with the following exceptions: 1) TGFBI has 17 exons compared
to 23 exons in POSTN in human; 2) TGFBI is notably shorter and lacks
completely the C-terminal region that is subject to alternative splicing
in POSTN [15]. The fundamentally divergence of TGFBI and POSTN
sequences are after the fourth fasciclin domain. The POSTN protein as
a secreted protein also has an N-terminal signal sequence, in addition
to an EMI domain encoded by exons 2 and 3, and four Fasciclin (Fas1)
domains [16]. Periostin were initially characterized as an adhesion
protein on the basis of its apparent homology to insect fasciclin and
this characterization subsequently were reﬁned by expanding the
collection of known ECM binding partners and illuminating functional
aspects consistent with a role in contact-signaling [17]. Periostin,
whose expression has been found to be promoted by several factors
including TGFβ1, 2, 3 and BMP-2 in multiple studies [18–20], can bind
to certain integrin receptors, which subsequently activate the Akt/PKB
pathwayvia FAK and PI3K, leading to anenhancedmigratory or invasive
phenotype [21]. Otherwise, periostin may be also involved in the
development of FVMs (ﬁbrovascular membranes) [22].
Although TGFBI and periostin have important roles in cell adhesion,
migration, proliferation, apoptosis and cancer, there are also mounting
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roles in cancer and development. In cancers, reports highlighted tumor-
suppressive roles of TGFBI, and complementary expression patterns of
POSTN and TGFBI in the developing heart were explicitly studied
[13,23,24]. TGFBI is dedicated to certain relatively common mutations
causing a variety for corneal dystrophies [25], a functional aspect for
which there is no known counterpart for periostin. Like periostin,
TGFBI is a TGFβ-induced, secreted, integrin-binding ECM protein
expressed during cardiac development and differentially expressed in
certain epithelial cancers [26]. Although an RGD binding motif for a
subgroup of integrin adhesion receptors is found in TGFBI, TGFBI
α3β1-integrin binding has been shown to be mediated not via the
canonical RGD binding motif, which via two pentapeptides containing
a central Asp-Ile (DI) dimer found in the second and fourth to be
conformationary similar to RGD peptides [27]. While an RGD motif is
not present in periostin, the DI dimers in Fas1 domains 2 and 4 are
conserved between the two proteins strongly suggesting a mechanism
for periostin integrin binding [15].
The amphioxus is the modern survivors of an ancient chordate
lineage, with a fossil record dating back to the Cambrian period. The
unique evolutionary position indicates that amphioxus is the basal
chordate and a crucial organism for the study of chordate evolution.
Thus, identiﬁcation and characterization of TGFBIGs in amphioxus and
studying the origin and evolution of TGFBI family will not only improve
our understanding of the process of development and disease of
amphioxus, but also provide the proximate evolution of TGFBIGs from
invertebrates to vertebrates. Here we identiﬁed and characterized a
TGFBI-like gene from B. belcheri, and also studied extensively the
evolutionary history of TGFBI family genes. The amphioxus genome
contains an AmphiTGFBI gene encoding a TGFBI homolog with 5 fas1
domains. We also found positive selection and lost of Fas1 domain in
the evolution history of invertebrate.
2. Material and methods
2.1. Amphioxus cultivation
Mature amphioxus adults (B. belcheri) were obtained from
Zhanjiang (Guangdong province, China), cultured at 24–25 °C in a
tank ﬁlled with air-pumped circulating artiﬁcial seawater, and fed
daily with Chlorella.
2.2. Data collection
To identify homologs of TGFBI family genes, we employed BLASTp
and tBLASTn to search TGFBI-homologous proteins in the genomes of
the following organisms: single-celled eukaryotes (Saccharomyces
cerevisiae, Monosiga brevicollis), sponge (Amphimedon queenslandica),
sea anemone (Nematostella vectensis), nematode (Caenorhabditis
elegans), fruit ﬂy (Drosophila melanogaster), amphioxus (Branchiostoma
ﬂoridae), sea squirt (Ciona intestinalis), medaka (Oryzias latipes),
zebraﬁsh (Danio rerio), stickleback (Gasterosteus aculeatus), fuguﬁsh
(Takifugu rubripes), frog (Xenopus tropicalis), chicken (Gallus gallus),
turkey (Meleagris gallopavo), rat (Rattus norvegicus), mouse (Mus
musculus) and human (Homo sapiens). All human TGFBI and POSTN
sequence were searched against the Refseq protein data from different
organisms. All blast hits were ﬁltered, and only sequences with a blast
score of N150 and length of N50 were examined. We then tested each
sequencewith a reciprocal blast search, and assigned it as a homologous
gene if the best hit of one blast searchmatched the best hit of the other.
If the sequenceswere not found reciprocally in two genomes,we picked
the one with the best coverage, with a score of N150, a relative identity
of N30% and a relative similarity of N40%. If the parameters of a protein
were lower or domains of a protein were not similar to its Refseq
protein, we would assign it as “non-homologous gene”. When we did
not ﬁnd an ortholog, we veriﬁed the lack of orthologous sequenceswith tBLASTn against the genome sequence and EST libraries of the
relevant organism. These data are shown in Table S1.
2.3. Cloning of full-length AmphiTGFBI cDNA by 3′- and 5′-RACE
Total RNA of the whole organismwas extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer's
instruction. The ﬁrst strand of cDNA was synthesized with Moloney
Murine Leukemia Virus reverse transcriptase (M-MLV; TaKaRa, Dalian,
China). According to the expressed sequence tag (EST) sequence, a
putative B. ﬂoridae TGFBI gene partial sequence was obtained from
AmphiEST database [28]. Two primers, forward primer: 5′-TCGGATG
ATCCGTTATGAGTGC -3′ and reverse primer: 5′-TAGCGCGAATCATC
TCCAACTT-3′, were designed to amplify the Branchiostoma belcheri
TGFBI gene sequence by RT-PCR. To obtain a complete cDNA sequence,
5′- and 3′-RACE were performed using a SMARTer RACE cDNA
Ampliﬁcation Kit (Clontech, CA, USA) according to the manufacturer's
instruction. The speciﬁc primers 5′-CCTGGTGATGAAGGCGGAGCA-3′
and 5′-TTGCTGGGTGCGAAGACGGTG-3′ for 5′-RACE, and 5′-CACCG
ACACGGCGTTCCAGAAGG-3′ and 5′-GCCAGATGTGGCACCGCAAGG-3′
for 3′-RACE, were designed according to the RT-PCR product. Primers
5′-GACAGACGATTATCCGTTATGAGTGC-3′ (forward) and 5′-GCTAGA
TACTAACACGGAACAAGGGA-3′ (reverse) were used to amplify the
full-length cDNA sequence. The ampliﬁed fragments were cloned into
a pMD_19-T Simple Vector (TaKaRa, Dalian, China) and sequenced.
2.4. The spatial express patterns of B. belcheri TGFBI gene detected by
real-time PCR
In the study of spatial distribution of the AmphiTGFBI in different
tissues, total RNAwas extracted frommuscles, gills, intestine, notochord
and hepatic cecum of ﬁfteen healthy amphioxuses. The forward primer
5′-GCCAAGGACGAGGAGAGTAACG-3′ and reverse primer 5′-CCGCC
GCCGACGATGACG-3′ were used in real-time PCR, and PCR reactions
were run in triplicates using the following conditions: 10 min at 95 °C
followed by 40 cycles of 30 s at 95 °C and 15 s at 60 °C. Real-time PCR
was carried out using IQ™ SYBRs Green Supermix (Bio-Rad) with a
Rotor-Gene 3000 real-time PCR machine (Corbett Research). Data were
quantiﬁed using the 2−ΔΔCt method based on Ct values of AmphiTGFBI
and β-actin. Values were considered to be signiﬁcant at Pb0.05.
2.5. Alignment, conserved motifs and phylogenetic analysis
A multiple sequence alignment was performed for homology
sequences of TGFBI family genes using MUSCLE [29] with default
parameters, which were manually curated if necessary. Gene structure
and position of motifs were checked by hand using data from Entrez
genes, and domain conservation was predicted by SMART software
(http://smart.embl-heidelberg.de/). Conserved motifs were analyzed
online using a MEME system Version 4.8.1 (http://meme.ebi.edu.au/
meme/cgi-bin/meme.cgi) with default settings. Except for the
distribution of motif occurrences, the minimal and maximal motif
widths and the number of different motifs were deﬁned as any number
of repetitions, 6, 30, and 15, respectively. Phylogenetic analyses were
conducted using MrBayes for a Bayesian analysis [30] employing a
mixed amino acid substitutionmodel, using PhyML [31] for amaximum
likelihood (ML) analysis with default parameters and usingMEGA5 [32]
for Neighbor Joining (NJ) analysis. Phylogenetic support was veriﬁed
with a bootstrap consensus tree inferred from 1000 replicates.
2.6. Codon-based sequence analysis
The ratio of nonsynonymous/synonymous substitution rates (ω=
dn/ds) can provide ameasurement for the change of selective pressures.
Values of ω= 1, b1 and N1 will indicate neutral evolution, purifying
selection, and positive selection on the target gene, respectively. Here,
Fig. 1. The AmphiTGFBI of Chinese amphioxus and a broad phylogenetic survey of TGFBI family genes. A) The nucleotide, deduced amino acid sequences and structure characterization of
AmphiTGFBI fromChinese amphioxus (Brachiastoma belcheri). TheAmphiTGFBIgene contains a SP (signal peptide) domain, an EMI domain andﬁve Fas1domains. B) The line chart showing
the conservation index of aligned TGFBI family genes. These Fas1 domains have high conservation index except Fas1e domain. C) Diagram of the conservation of TGFBI family genes in
different species. The topology of different animals was downloaded from NCBI database.
149X. Song et al. / Genomics 103 (2014) 147–153
150 X. Song et al. / Genomics 103 (2014) 147–153a codon-substitution model implemented in the CODEML program in
the PAML4.4 software package was used to analyze changes in selective
pressure, which allow for variable selection patterns among amino acid
sites, M0,M1a (nearly neutral), M2a (positive selection), M7 (beta), M8
(beta &ω), to test for the presence of sites under positive selection [33].
The presence of codons evolving under positive selection was further
tested by contrasting the M1a and M2a models, and the M7 and M8
models by likelihood ratio tests (LRTs). To explore the divergence of
different branches of TGFBI family genes in the evolutionary history, a
branch model of the CODEML software was used to compute the
nonsynonymous/synonymous substitution rate ratio of different
branches. Finally, positive selection sites in the B. belcheri AmphiTGFBI
sequence were detected by applying a branch-site model and statistical
analysis by Bayes empirical Bayes (BEB) methods.
3. Results
3.1. Cloning and characterization of B. belcheri AmphiTGFBI gene
A fragment of the AmphiTGFBI gene transcription product (1707bp)
was obtained by RT-PCR. Then based on the 1707 bp fragment, a
1855 bp and a 489 bp fragments were ampliﬁed by 3′ RACE and 5′
RACE, respectively. After sequence assembly, full length AmphiTGFBI
cDNA of 3095 nucleotides was identiﬁed and an open reading frame
(ORF) with 2604bp was predicted. Besides the ORF, AmphiTGFBI cDNA
contains a 5′-UTR with 84 bp and a 407 bp 3′-UTR including a 11 bp
poly (A) tail and a canonical polyadenylation signal (AATAAA). The
ORF encodes a putative AmphiTGFBI protein containing 867 amino
acids (Fig. 1A). The complete AmphiTGFBI cDNA sequence and deduced
AmphiTGFBI protein sequence have been submitted to GenBank
(GenBank ID: KF366657).
The AmphiTGFBI contains a signal peptide (SP), an EMI domain, ﬁve
Fas1 domains (Fas1a-e) compared to no more than 4 Fas1 domains in
other animals. These Fas1 domains have high conservation index
except Fas1e domain (Fig. 1). The AmphiTGFBI was conserved from
A. queenslandica to H. sapiens and shared 27–87.8% similarity to other
known TGFBI homolog (Table 1). Interestingly, AmphiTGFBI was more
similar to vertebrate POSTN (range from 47.1 to 50.9) than vertebrate
TGFBI (range from 47.2 to 47.9), while the AmphiTGFBI has the similar
gene structure (the number of exons an introns) with the vertebrate
TGFBIG. Therefore, the AmphiTGFBI might be an ancestor gene of
vertebrate TGFBI family genes.
When TGFBI family genes from different animals was analyzed, only
one TGFBI family gene was detected in the genome of A. queenslandica
and the gene was similar to human POSTN (Fig. 1C and Table S1).
Therefore, the TGFBI family genes might be present in a common
ancestor of A. queenslandica. Gene loss and duplication can be detected
in the evolutionary history of TGFBI family genes. There has one TGFBITable 1
Homology analysis of AmphiTGFBI amino acid sequence with other known TGFBI family
amino acid sequences determined by MatGat 2.01 software.
Species Similarity Identify
H. sapiens TGFBI 47.3 31.9
G. gallus TGFBI 47.9 31.6
X. tropicalis TGFBI 47.2 31.3
D. rerio TGFBI 47.6 29.7
H. sapiens POSTN 50.9 29.6
G. gallus POSTN 49.5 29.1
X. tropicalis POSTN 47.1 28.9
D. rerio POSTN 49.1 29.6
B. ﬂoridae TGFBI 87.8 81.2
D. melanogasterMfas 34.4 16.5
C. elegans F26E4.7 33.9 15.6
N. vectensis POSTN 31.9 18
N. vectensis TGFBI 34.9 19.5
A. queenslandica POSTN 27 15.1homolog (POSTN) in the A. queenslandica genome and two TGFBI family
genes (one TGFBI and one POSTN) in the N. vectensis genome, but only
one TGFBI family genes (best match to human TGFBI gene) in C. elegans,
D. melanogaster, B. ﬂoridae, and C. intestinalis genomes. Therefore, it can
be inferred that the POSTN gene had been lost in bilateria and chordata
in the evolutionary history. However, there have been two TGFBI family
genes (one TGFBI and one POSTN) in vertebrates. Otherwise, the
invertebrate TGFBI family genes don't have EMI domain (Fig. 1C). In
conclusion, the TGFBI family genes might be present in a common
ancestor of A. queenslandica and duplication in N. vectensis genome.
Subsequently, the POSTN gene had been lost in bilateria and chordata
andhappened gene duplication in vertebrate in the evolutionary history
of TGFBI family genes.
3.2. Differential AmphiTGFBI gene expression in different tissues
The spatial expression pattern of AmphiTGFBI in adult B. belcheriwas
investigated by quantitative real-time RT-PCR analysis of total RNA
samples from ﬁve different tissues (intestine, muscles, gills, notochord
and hepatic cecum) obtained from 15 individuals. Expression of
AmphiTGFBI was detected in all tissues, and varied expression levels
were observed among the different tissues. As shown in Fig. 2, the
expression of AmphiTGFBI was high in notochord and intestine, low in
the muscles, gills and hepatic cecum.
3.3. Phylogenetic, conservation motifs and gene structure analyses of TGFBI
family genes
To explore the evolutionary dynamics of TGFBI family genes, TGFBI
and POSTN protein sequences from different animals were used to
construct a phylogenetic tree. The evolutionary relationships of TGFBI
family genes were revealed by the topology of a phylogenetic tree
supported by high bootstrap values (Fig. 3). As expected, the TGFBI family
genes were classiﬁed into three groups: vertebrate TGFBI group,
vertebrate POSTN group and invertebrate TGFBI/POSTN-like group,
invertebrate TGFBI/POSTN group may be further classiﬁed into three
subclusters: a chordata TGFBI-like subcluster, a bilateria TGFBI-like
subcluster and a metazoa TGFBI/POSTN-like subcluster. Therefore, we
could assume that the TGFBI family genes has happened one time gene
loss and two times geneduplications in the evolutionaryhistory, resulting
in the POSTN genes loss in the genomes of bilateria and chordata.
The conserved motifs of TGFBI family genes were changed in the
evolutionary history. Although the conservedmotif orders of vertebrate
TGFBI and POSTN genes and chordata TGFBI gene are very similar, the
invertebrate TGFBI family genes conserved motif orders are not
conserved with that of vertebrate (Table S2). An Arg-Gly-Asp (RGD)
binding motif for a subgroup of integrin adhesion receptors was found
in human and mouse TGFBI, while TGFBI α3β1-integrin binding has
been shown to be mediated not via the canonical RGD binding motif,
but via two pentapeptides containing a central Asp-Ile (DI). The
alignment analysis found that there were two DI motifs in vertebrateFig. 2. AmphiTGFBI gene expression in different tissues. Real-time RT-PCR was carried out
with RNA samples from muscles, gills, intestine, notochord and hepatic cecum of ﬁfteen
healthy B. belcheri. Each sample was run in triplicates. Vertical bars represent means ±
SE (n = 3). The β-actin gene of B. belcheri was used as an internal control to calibrate
the cDNA template for all samples.
Fig. 3. Phylogenetic tree of TGFBI family proteins including B. belcheri TGFBI protein (AmphiTGFBI). The ML tree and NJ tree have a similar topology. Phylogenetic support was veriﬁed
with the bootstrap consensus tree inferred from 1000 replicates. The ω value on the different branches of phylogenetic tree represents nonsynonymous/synonymous substitution rate
(ω=dn/ds), which provides a measurement for the change of selective pressures.
Fig. 4. The phylogenetic tree of different Fas1 domains. Fas1 domains have happened
domain duplication and loss in the evolutionary history. The topology was built by
MrBaye 3.2 software. Hs: Homo sapiens, Mm: Mus musculus, Rn: Rattus norvegicus, Gg:
Gallus gallus, Xt: Xenopus (Silurana) tropicalis, Dr:Danio rerio, Dm: Drosophila melanogaster,
Ce: Caenorhabditis elegans, Nv: Nematostella vectensis, Aq: Amphimedon queenslandica, -T-:
TGFBI, -P-: POSTN.
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mouse. However, we only found one DI motif in B. belcheri TGFBI
without RGD motif (Fig. S1).
To further explore the difference of conserved motifs between
vertebrates and invertebrates, the Fas1 domain and gene structure of
TGFBI family genes were identiﬁed. The Fas1 domains and gene struc-
tures of TGFBI family genes have changed in the evolutionary history.
As shown in Fig. 4, the Fas1 domain of A. queenslandica, N. vectensis and
C. eleganswhichweremore similar to vertebrate Fas1cwere not clustered
together with their relevant groups. The results indicated that the Fas1
domains in TGFBI genes may happen in domain rearrangement and lost
in the evolutionary history. Although the gene structure and phase
between vertebrate TGFBI/POSTN genes and B. ﬂoridae TGFBI gene are
very similar, the invertebrate TGFBI family genes exhibits variable
gene structures and phases (Fig. 5). All these results show that the
TGFBI family genes have happened very big changes in invertebrate, but
very conserved in vertebrate in the evolutionary history.
3.4. Selective pressure analysis of TGFBI family genes
To explore the selective pressure of TGFBI family genes, the CODEML
software of the PAMLpackagewas used to compute the nonsynonymous
to synonymous substitution ratio (ω). The M0 model showed that
the TGFBI family genes underwent very strong purifying selection
(ω= 0.11) (Table 2). Both M1a vs. M2a and M7 vs. M8 all detected
four positive selection sites, which is 5 F, 22 P, 23 A, 766 P (Table 2).
We also detected the positive selection of different branches and found
that there are many positive selection branches in invertebrate (Fig. 3).
Therefore, the positive selection sites and positive selection branches in
TGFBI family genes may be indicated functional diversity and structural
changes between different TGFBI family genes.
4. Discussion
4.1. TGFBI family genes are conserved from metazoa to mammals
Since the discovery of the TGFBI and POSTN, the TGFBI and POSTN
genes have been found in many vertebrates, but none of them havebeen found in chordata and invertebrate [1,2,14]. The vertebrate
and chordata TGFBI family genes contain a signal peptide, EMI
domain, and Fas1 domain, while the invertebrate TGFBI family genes
lost EMI domain in the evolutionary history (Fig. 1C). In this paper,
we not only identiﬁed a TGFBIG homolog in B. belcheri AmphiTGFBI,
but also discovered TGFBI family genes in N. vectensis genome and
Fig. 5. Genomic structure and conservation domains of TGFBI family genes.
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evolution of TGFBI family genes. The C-terminal part of POSTN is
markedly more variable among vertebrates than others in terms of
exon count, length, and splicing pattern, which could be interpreted as
a consequence of neofunctionalization after the split between periostin
and its paralog transforming growth factor beta-induced (TGFBI) [15].
The Xenopus TGFBI is required for embryogenesis through regulation
of canonical Wnt signaling and the extracellular matrix protein TGFBI
promotes myoﬁbril bundling and muscle ﬁber growth in the zebraﬁsh
embryo [12,14]. In addition, the expression of TGFBI is either decreased
or absent in 14 human tumor cell lines as compared to their normal
counterparts, indicating that TGFBI may exert an inhibition on
tumorigenesis and/or tumor progression [34]. TGFBI protein can also
suppress many diseases and cancer through different signaling
pathways [8,14,35,36]. Recent studies showed that the transforming
growth factor beta 1 (TGF-β1)may be involved into thehuman immune
response [37,38], so TGFBI may be also involved into immune response.
This should be further studied in the future.
4.2. The positive selection of TGFBI family genes has some relationships with
their gene architecture
Evolution can change the structures and functions of genes in many
ways [39]. For example, gene duplication has long been identiﬁed as a
major mechanism for generating new genes and functions, whereas
gene loss plays a similar important role in shaping genomics content
[40,41]. These events, as well as several others such as horizontal gene
transfer, gene conversion, and domain rearrangement, interact together
to generate “gene families” clusters of orthologous and paralogous genes
with detectable common ancestry. However, gene duplication, loss, and
other events can occur at the subgene level, and it has been suggested
that homology inference be applied to domains rather than proteinsTable 2
Likelihood values and parameter estimates of computing position selection site by site-speciﬁc
Model lnL Parameter
M0 (one rate) −39652.633623 ω=0.11
M1a (neutral) −39506.280287 ω0=0.10312, p0=0.90787
ω1=1.00000, p1=0.09213
M2a (selection) −39506.280287 ω0=0.10312, p0=0.90787
ω1=1.00000, p1=0.00015
ω2=1.00000, p2=0.17119
M7 (beta) −39189.188791 p=1.35537, q=8.98939
M8 (beta & ω) −39182.022771 p0=0.98455, p=1.46535,
q=10.48036, p1=0.01545,
ω=1.00000[42]. Proteins are composed of different domains and the combinations
of these domains, also known as domain architectures or domain
arrangements, change during evolution, generating rearrangements
[43]. These more complicated events could play very important roles in
generating novel genes and function, as they are the primary source of
new domain architectures that are thought to be a main source of
biological complexity in the human genome and other species [44].
With the derivation of a validated gold-standard corpus and better
data integration with big experiments, gene fusion detection can truly
become a valuable tool for large-scale experimental biology [45].
Positive selection, also known as Darwinian selection, which is the
main mechanism that Darwin envisioned as giving rise to evolution,
speciﬁc molecular genetic examples are very difﬁcult to detect, is the
process by which new advantageous genetic variants sweep a
population. The nonsynonymous/synonymous substitution rate ratio
(ω= dn/ds) can provide a measurement for the change of selective
pressures. Values of ω=1, b1 and N1 will indicate neutral evolution,
purifying selection, and positive selection on the target gene,
respectively. Recent studies have shown that positive selection plays
an important role in gene duplication, functional diversiﬁcation and
genomic structural divergence [46,47]. Otherwise, the positive selection
evolution may also be involved in adaptive evolution, gene function
losses and pseudogene [48–50]. Fortunately, we found four positive
selection sites and positive selection branches in the evolutionary
history of TGFBI family genes. These results suggested that the gene
duplication, domain losses and duplications of TGFBI family genes may
correlate with their positive selections. However, we can't conclude
the TGFBI family genes underwent adaptive evolution, because the
function of TGFBI-like genes of low invertebrate is still unknown.
In conclusion, the TGFBI family genes play very important roles in
animal development and diseases including cancers. Our studies extend
our understanding of the evolution of TGFBI family.model for the TGFBI family genes.
Positive selection site 2ΔL LRT
None
Not allowed 0 P N 0.9
(M1a vs. M2a)
5 F, 22 P, 23 A, 766 P
Not allowed
5 F, 22 P, 23 A, 766 P 7.166 P b 0.05
(M7 vs. M8)
153X. Song et al. / Genomics 103 (2014) 147–153Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygeno.2013.10.002.
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